Abstract. Corresponding to the conventional anti-freezing agent, namely, sodium nitrite, the early strength development of the cement-fly ash composite cementitious material curing in the solution of water and sodium nitrite were investigated, respectively. The results show that, adding sodium nitrite increases the volume of sulphoaluminate in the composite cementitious material at the early stage, which lowers the strength of the composite cementitious material that curing at 5ºC. The addition of fly ash could contribute to the improvement of the later strength of the composite cementitious material that curing at 5ºC.
Introduction
The main external factors that lead to frost-damage of low-temperature concrete are the effect of temperature and water morphology in winter construction [1] [2] [3] [4] [5] . In order to ensure the quality and safety of concrete construction in winter, the construction process as well as the material composition has been studied by experts in various countries and has acquired some achievements [6, 7] , and aimed at the effect of temperature and moisture on traditional concrete a typical common measure was proposed that adding a certain amount of antifreeze agent in the process of concrete stirring [8] . According to Arrhenius principle, the moisture of the concrete cannot be frozen at negative temperature and can maintain a certain activity, which ensures to continue the hydration hardening of the concrete and to produce strength even at low temperatures. With the complexity of the composition of materials and the application of fly ash in low temperature concrete, whether the use of traditional antifreeze agent is suitable for current low-temperature concrete technology needs to be studied. In this paper, aimed at cement-fly ash composite cementitious material, the early strength development of the composite material in sodium nitrite aqueous solution was investigated.
Experiments
Materials. The Portland cement (P•Ⅱ 52.5R)was supplied by Dalian Xiaoyetian cement plant, of which the specific surface is 380m 2 /kg. The main chemical composition is given in Table 1 . The fly ash (Grade Ⅰ )was provided by Shenyang Shenhai thermal power plant, of which SiO2>50%, CaO<5% and loss on ignition is less than 5%. The fly ash is classified as Class F fly ash and is in line with the requirements of "Used in cement and concrete and fly ash" (GB/T1596-2005). The main composition is presented in Table 2 .
Tap water was used and the early strength agent and anti freezing agent were sodium nitrite, which are in line with the technical conditions GB/T633-1994. Experimental proportions. Based on the state and working property of the composite cementitious material mortar which were obtained by the previous test, the water to cement ratio of the mortar and cement paste were set as 0.42. Specimens were cured at temperature of 5ºC, water to cement ratio was fixed, and specimens added with 10%, 20% and 30% of fly ash were compared to that without fly ash. The specimens size are 40mm×40mm×160mm. The mix proportion of composite binding materal cement paste at low temperature is presented in Table 3 . 
Results and discussions
The flexural and compressive strength of the composite cementitious material mortar specimens added with different additions of fly ash (0, 10%, 20% and 30%) were tested according to Cement Mortar Strength Test Method (ISO), which were cured for 3d, 7d and 14d in different hydration aqueous solution at temperature of 5ºC. The data is presented in Table 4 .
The flexural and compressive strength curves are given in Fig.1 and Fig.2 which are drawn according to the data in Table 4 . The tested specimens were cured for 3d, 7d and 14d in different aqueous solution at temperature of 5ºC.
The flexural strength data of the mortar specimens, which were cured under the same maintenance system for a certain stage in complex hydration solution of tap water and sodium nitrite respectively, is given in Fig.1 . Except for individual circumstances, Fig.2 illustrates that the flexural strength of the cementitious material mortar specimens curing for 3days and 7 days in water environment exceed the ones in the complex solution environment. However, the flexural strength of the specimens curing for 14 days in the complex solution environment are higher than that (same proportion) in water environment. Compared to the specimens curing for 14 days in water solution environment, the flexural strength of the specimens (same proportion and curing age) curing in sodium nitrite solution environment increased by 3.1%, 2.1%, 2.2% and 3.5%, respectively. It illustrates that the influence of adding sodium nitrite on the flexural strength growth of the cementitious material specimens curing for less than 7 days is weak but can increase the flexural strength of which curing for more than 7 days. In addition, it can be seen from the flexural strength data that, the effect of adding sodium nitrite on the flexural strength of the cementitious material mortar specimens, which incorporated high volume of fly ash or without fly ash, is obvious. Fig.1 illustrates that, the flexural strength of the mortar specimens (curing at 5 ºC) incorporated with 10% of fly ash or without fly ash has strength advantage over that incorporated with more than 10% of fly ash. In addition, the mortar specimens added with 10 % of fly ash or without fly ash and curing in water solution hydrated rapidly and at the age of 7d it was close to complete the hydration. However, the early hydration rate of the specimens curing in sodium nitrite solution was delayed. At the age of 3d, the flexural strength of the specimens was far below that curing in water solution environment, while, its flexural strength grew rapidly at the late age. At the age of 7d the strength was close, and at the age of 14d its flexural strength exceeded the specimens curing in water solution.
Corresponding to the above phenomenon, adding sodium nitrite decreases the amount of water that contacts with the cementitious material and to cause the lower flexural strength of the mortar specimens curing in sodium nitrite aqueous solution compared to that curing in water solution at the early stage. Moreover, the curing environment for the experiment was provided by refrigerator of which the inside room was narrow and sealed, while, the water to cement ratio 0.42 was the minimum one for that curing under sealed environment. With the continuing of the hydration, the amount of water needed for the specimens was insufficient, which hindered the hydration reaction of the cementitious material and lowered the flexural strength growth rate of the specimens curing for more than 7 days. However, with regard to the mortar specimens curing in sodium nitrite aqueous solution, the sodium nitrite dissolved in the water precipitated with the decrease of the amount of water after the solution reaching saturation. And the precipitated sodium nitrite can easily absorb the surrounding moisture and deliquesced, which provided moisture for the hydration of the cementitious material and the hydration can also react slowly. The hydration products are extended in the pores of the cement mortar. The voids in the specimens of the cementitious materials are further filled, which increases the flexural strength of the hydrated mortar specimens curing in the sodium nitrite aqueous solution environment. Figure 2 . The compressive strength of cement mortars(mixed with 0, 10%, 20% and 30% FA) in different hydration environment curing at 5ºC Fig.2 illustrates the compressive strength data of the mortar hydrated in the solution of water and sodium nitrite under the same curing system. As is presented in the graph that the order and trend of the curves of the compressive strength of the mortar specimens (curing at5ºC) hydrated in different hydration solution have obvious differences with the flexural strength curves.
With regard to the mortar specimens curing for less than 7 days, the compressive strength of the mortar specimens curing in solution of water were higher than that curing in solution of sodium nitrite except for the specimens incorporated 30% of fly ash, while, the compressive strength of the specimens added with 30% of fly ash increased rapidly after curing for 7 days. And at the stage of 14d, although there was still a large gap compared to the specimens (the other proportions) curing in the solution of water, its compressive strength was higher than that (with any other proportion)curing in the solution of sodium nitrite. In addition, the trend of the curves illustrate that the increasing trend of the compressive strength of the mortar specimens curing for more than 7 days in the solution of sodium nitrite tends to slow down, which is contrary to the increasing trend of the flexural strength at the later stage in Fig.1 .
With regard to the above phenomenon, on the one hand, it is caused by the differences of the morphology of the hydration products, the morphology of hydration products affected the microstructure of cementitious materials to a great extent and further to affect the macro strength of the mortar specimens. Due to that the free water in the hydration reaction is not sufficient, the hydration products of the mortar specimens hydrated in the solution of water at later stage incorporate less chemical binding water. With the continuing of the hydration, the proportion of the main hydration products calcium silicate hydrate (C-S-H) in the hydration products gradually increases and at the later stage the C-S-H products become dense and less impurity. Dry environment affects the formation of calcium hydroxide (CH), and the interior pores in the mortar will not be filled. But in the dry environment, the structure of the hardness is formed. Calcium sulphoaluminate (ettringite, AFt) in dry environment will change into a more stable mono-calcium sulphoaluminate (AFm). The mortar specimens curing in the solution of sodium nitrite are more relatively humid. In this case, C-S-H will form a thin sheet of low density structure to a great extent. CH is likely to continue to grow in the capillary hole, filling the pores to form larger crystals. AFt will not soon lose chemical binding water to form AFm. It illustrates that in the water environment, the section of the mortar specimens are not dense but the compressive strength are larger, while in the solution of sodium nitrite, section of the mortar specimens are dense but the compressive strength are lower. On the other hand, hydration of cementitious material continuously absorb water, which produces continuous sodium nitrite precipitation from solution. And the sodium nitrite deliquesces easily and thus absorbing the surrounding moisture, which provides moisture for the later stage hydration of the specimens, but from a certain point of view, the water to cement ratio of the mortar is increased. Corresponding to the correlated formula of the water to binder ratio and strength, with the increase of water to cement ratio, the strength of the same ratio will decrease.
Conclusions
(1) The usage of sodium nitrite in low-temperature concrete has affected the formation of its internal hydration products and increases the production of sulphoaluminate at early stage, which leads to dense structure of cement mortar specimen curing at 5ºC but with lower strength.
(2) With the increase of addition of fly ash, the influence of sodium nitrite environment on the strength development of the cement mortar specimen curing at 5ºC tends to be strengthened.
